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and a fuel deficiency countermeasure 1s implemented for the
cathode. As a result, the fuel cell suppresses a decline 1n

performance caused by a fuel deficiency.
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1
FUEL CELL

This 1s a 371 national phase application of PCT/IB2007/
000804 filed 29 Mar. 2007, claiming priority to Japanese
Patent Application No. 2006-111843 filed 14 Apr. 2006, the

contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to a fuel cell, and more particularly
concerns a fuel cell able to suppress a decline 1n performance
caused by a fuel deficiency.

2. Description of the Related Art

A Tuel cell generates electrical energy through an electro-
chemical reaction 1n a membrane electrode assembly (here-
iafter “MEA”), which includes an electrolyte membrane and
clectrodes (1.e., an anode and a cathode) arranged on both
sides of the electrolyte membrane. The electrical energy that
1s generated 1s then extracted from the MEA via separators
arranged on both sides of the MEA. Among the various types
of fuel cells that exist today, polymer electrolyte fuel cells
(heremafiter “PEFC”), which are used 1n home cogeneration
systems and automobiles and the like, are able to operate 1n a
low temperature range. PEFCs are also recerving much atten-
tion as power supplies that are 1deal for electric vehicles and
as mobile power supplies because they exhibit high energy-
conversion efficiency, have a short startup time, and the sys-
tems are small and lightweight.

A single cell of a PEFC includes an electrolyte membrane
and an anode and a cathode. Both the anode and the cathode
cach have at least a catalyst layer. The theoretical electromo-
tive force of a single cell 1s 1.23 volts. However, because this
low electromotive force 1s insutficient for power supplies for
clectric vehicles and the like, single cells are normally stacked
together 1n series to form a stack. End plates or the like are
then arranged on both ends of the stack in the stacking direc-
tion to form a stacked PEFC. A tighteming pressure 1s applied
from both ends, in the form of a stacked PEFC, to reduce
contact resistance.

The electrochemical reaction that generates electricity in
the PEFC progresses in the following stages for example.
First, hydrogen delivered to the anode 1s broken down into
hydrogen 1ons and electrons 1n the presence of a catalyst (such
as platinum supporting carbon; heremafiter platinum may also
be referred to as “normal catalyst™).

Anode reaction: H,—=2H"+2e”

The hydrogen 1ons (hereinatter also referred to as “proton™)
that are freed then travel to the cathode by passing through an
clectrolyte membrane, which conducts 1ons when moist.
Because the electrolyte membrane only allows 10ns to pass
through, the freed electrons, which are unable to pass through
the electrolyte membrane, travel to the cathode via an external
circuit. It 1s the movement of electrons by which the fuel cell
generates electricity. Meanwhile, water 1s produced by the
reaction of oxygen, which 1s delivered to the cathode, with the
clectrons and protons that have traveled to the cathode.

Cathode reaction: 2H "+2e +(%2)0,—H-0

When a PEFC operates, the interior of the cells are in
various gas states so the anode may be exposed to a high
potential state (such as a potential state of 1.6 V). In a high
potential state, the constituent material of the anode (such as
Pt, C, etc.) degrades, which reduces the performance of the
PEFC. Therefore, 1t 1s desirable to suppress material degra-
dation when the potential 1s high.
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2

Various technologies have thus far been described that
attempt to improve the performance of tuel cells by suppress-
ing material degradation and the like when there 1s a fuel
deficiency. For example, Published Japanese Translation of
PCT application, JP-T-2003-508877 describes combining a
water electrolysis catalyst with an electrode catalyst to mini-
mize corrosion of the carrier of an anode catalyst when there
1s a shortage of hydrogen. The publication asserts that the
resulting catalyst further increases resistance against battery
reversal of a fuel cell.

Also, Japanese Patent Application Publication No. JP-A-
2004-223503 describes an anode of a proton-exchange mem-
brane fuel cell that includes at least one reaction layer in
contact with a solid polymer electrolyte membrane and pro-
motes a fuel cell reaction and at least one water splitting layer
in contact with a diffusion layer and decomposes water 1n the
anode using an electric current. The publication asserts that
the described technology provides an anode of a proton-
exchange membrane fuel cell that inhibits a decrease 1n the
clectrode characteristics even when there 1s a shortage of fuel.

Further, Japanese Patent Application Publication No.
JP-A-2005-1497742 describes a catalyst carrier electrode for a
proton-exchange membrane fuel cell, which has a metal-
supported catalyst, in which a catalyst metal 1s carried on a
catalyst metal carrier that uses conductive metal oxide that 1s
highly resistant to corrosion. This publication asserts that 1t
possible to maintain power-generating performance of the
tuel cell even of the cathode 1s exposed to a high potential
state. In addition, Japanese Patent Application Publication
No. JP-A-2005-135671 describes an electrode and the like
that 1s formed of at least catalyst metal particles, a catalyst
carrier, the main component of which 1s two or more types of
carbon with different electron conductivities, and a proton
conducting member. The electrode includes more of the cata-
lyst carrier having the highest electron conductivity than 1t
does of the other catalyst carrier(s). This publication asserts
that corrosion of carbon 1s suppressed 1n the resulting elec-
trode so that deterioration of electrode performance pre-
vented.

In addition, Japanese Patent Application Publication No.
JP-A-2005-141966 describes a catalyst carrier electrode with
an electrode catalyst layer that includes a catalyst metal car-
rier conductive member 1n which a catalyst metal 1s carried on
a conductive carrier, and an electrolyte polymer. The catalyst
carrier electrode 1s characterized 1n that the electrode catalyst
layer contains an electrolyte polymer and/or a conductive
carrier containing water repellant material. The publication
asserts that the described technology ensures that water and
gas are able to pass through the catalyst layer by having the
layer of water repellant material be sacrificed and broken up
so that the water repellant matenal 1s released over time. As a
result, corrosion of the catalyst layer from water 1s effectively
prevented. Furthermore, Japanese Patent Application Publi-
cation No. JP-A-2005-294264 describes a membrane elec-
trode assembly with a cathode catalyst layer that includes a
composite of platinum black and a carried catalyst. The pub-
lication asserts that the described technology provides a tuel
cell that degrades little and thus has a long life while main-
taining battery performance.

The technologies described i JP-T-2003-508877 and
JP-A-2004-22503 are able to suppress the corrosion of the
anode constituent material (such as carbon) by promoting a
water electrolysis reaction. However, the technologies in
JP-T1-2003-308877 and JP-A-2004-223503 only go so far as to
implement measures for the anode as countermeasure tech-
nologies for when there 1s a deficiency of fuel. That 1s, JP-T-

2003-508877 and JP-A-2004-22503 make no mention of
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technology for implementing measures for both the anode
and the cathode as countermeasure technology for when there
1s a deficiency of fuel.

The following regarding countermeasure technology for
when there 1s a deficiency of fuel was discovered by the
inventors through intense study.

1) The anode 1s exposed to a high potential state when there

a shortage of fuel (heremafter referred to as “hydrogen™)
supplied to the anode side.

2) While hydrogen 1s supplied only to the hydrogen inlet
area as hydrogen starts to be supplied to the anode side when
the anode side returns from the hydrogen deficient state, a
so-called partial battery 1s formed because the hydrogen has
not yet spread to the hydrogen outlet area (heremnafter also
referred to as “the anode outlet area’). When this happens the
potential at the portion of the cathode opposite the anode
outlet area across the electrolyte membrane 1ncreases so the
cathode becomes exposed to a high potential state.

3) When a suificient amount of hydrogen 1s supplied to the
anode side, the anode reaction and the cathode reaction take
place 1 the PEFC, which brings the cathode and the anode
out of the high potential state.

The technologies described in JP-T-2003-508877 and
JP-A-2004-22503 are countermeasure technologies for the
anode side so they are able to suppress degradation of the
anode constituent material in the case of 1) above. However,
with respect to 2) above, neither JP-T-2003-5088777 nor JP-A-
2004-22503 make any mention of 2) above so the technolo-
gies described in those publications are unable to prevent
degradation of the cathode material which 1s caused by 2)
above. When the cathode maternial degrades, it 1s more diifi-
cult for the cathode reaction to take place. As a result, the
performance of the fuel cell declines. That 1s, with the tech-
nologies described i JP-T-2003-508877 and JP-A-2004-
223503 1t 1s difficult to suppress a decline 1n performance
caused by a fuel deficiency.

Also, neither JP-A-2005-149742 nor JP-A-2005-294264
make any mention of 2) above. Therefore, 1t 1s difficult to
prevent degradation of the cathode material that 1s caused by
2) above.

Here, even 1f there 1s a shortage of hydrogen supplied to the
anode while the fuel cell 1s operating, such that the anode 1s 1n
a hydrogen deficient state, the operating environment of the
tuel cell 1s normally controlled by a control apparatus or the
like. Therefore, before long hydrogen 1s supplied to the anode
thus bringing it out of the fuel deficient (hereinafter also
referred to as “hydrogen deﬁuent”) state. That 1s, the coun-
termeasure for 1) above alone 1s insuificient as a countermea-
sure for the hydrogen deficient state. Only by implementing
the countermeasures for both 1) and 2) above does 1t first
become possible to effectively suppress a decline in perfor-
mance 1n the fuel cell that 1s caused by a shortage ot hydrogen.

SUMMARY OF THE INVENTION

This mvention thus provides a fuel cell capable of sup-
pressing a decline 1n performance caused by a fuel deficiency.

One aspect of the invention relates to a tuel cell including
an anode, a cathode, and an electrolyte membrane arranged
between the anode and the cathode, in which a fuel deficiency
countermeasure 1s implemented both for the anode and for the
cathode.

Here, the fuel deficiency countermeasure implemented for
the anode refers to a measure for suppressing degradation of
the constituent material of the anode when there 1s a shortage
of hydrogen supplied to the anode such that the anode falls
into a hydrogen deficient state. Specific examples of fuel
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4

deficiency countermeasures implemented for the anode
include the technologies described 1n JP-T-2003-508877 and

JP-A-2004-22503. In addition, the fuel deficiency counter-
measure implemented for the cathode refers to a measure for
suppressing degradation of the constituent material of the
cathode when the portion of the cathode opposite the anode
outlet area 1s exposed to a high potential state between the
time hydrogen starts to return to the anode that was 1n a
hydrogen deficient state and the time the anode has recovered
from the hydrogen deficient state. Specific examples of a fuel
deficiency countermeasure implemented for the cathode
include a countermeasure which 1s used as a material degra-
dation countermeasure for when the cathode 1s exposed to a
high potential state at times other than when the anode 1s
returning from a hydrogen deficient state (such as using
highly crystallized carbon for the carrier body, for example),
using platinum black as the normal catalyst of the cathode,
and making the cathode catalyst layer with a multi-layered
structure (1.e., a structure having a layer that has a normal
catalyst and a layer that has, for example, IrO, carried on
carbon (hereinatter referred to as IrO,/C)).

Accordingly, a fuel deficiency countermeasure 1s 1mple-
mented for both the anode and the cathode. Therefore, even 1t
there 1s a shortage of hydrogen supplied to the anode, degra-
dation of the constituent material of the anode can be sup-
pressed. Moreover, even if the cathode 1s exposed to a high
potential state between the time that hydrogen starts to be
supplied to the anode again after a hydrogen deficiency and
the time that the anode has completely recovered from the
hydrogen deficient state, degradation of the constituent mate-
rial of the cathode can be suppressed. As a result, the mnven-
tion provides a fuel cell that suppresses a decline in perfor-
mance caused by a fuel deficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and further objects, features and advantages
of the mvention will become apparent from the following
description of preferred embodiments with reference to the
accompanying drawings, wherein like numerals are used to
represent like elements and wherein:

FIG. 1 1s a sectional view schematically showing an
example structure of a portion of a fuel cell according to an
example embodiment of the ivention;

FIG. 2 1s a sectional view schematically showing an
example structure of a portion of a fuel cell according to a
modified example of the example embodiment of the inven-
tion;

FIG. 3 1s a graph showing the results from a hydrogen
deficiency test;

FIG. 4 1s a sectional view of a portion of a fuel cell accord-
ing to related art; and

FIG. 5 1s a sectional view of a portion of the fuel cell shown
in FIG. 4 1llustrating a hydrogen deficient state.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PREFERRED

When there 1s a shortage of hydrogen supplied to the anode
of a fuel cell, the performance of the fuel cell declines. One
solution to this problem 1s to provide a water electrolysis
catalyst on the anode side, for example, to suppress a decline
in performance during a hydrogen deficiency, caused by
material degradation on the anode side or the like. However,
it has been discovered that when hydrogen 1s supplied to the
anode to rectity the hydrogen deficient state while the fuel cell
1s operating, the cathode becomes exposed to a high potential
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state that may reduce the performance of the fuel cell. The
related art described above only implements measures for the
anode and thus 1s unable to prevent a decline in performance
ol the fuel cell caused when the cathode 1s exposed to a high
potential state during the recovery from a hydrogen deficient
state. Therefore, 1n order to suppress the decline in perfor-
mance of the tuel cell, a countermeasure for not only the
anode side but also for the cathode side 1s necessary.

To facilitate understanding of the invention, reactions that
can occur 1) when the fuel cell 1s operating normally, 1) when
there 1s a hydrogen deficiency, and 111) when returning from a
hydrogen deficiency will hereinaiter be described with refer-
ence to the accompanying drawings.

FIGS. 4 and 5 are sectional views schematically showing a
portion of a fuel cell. In FIGS. 4 and 5, the stacking direction
of the cells 1s 1n the left-right direction of the drawings. The
tuel cells illustrated 1n FIGS. 4 and 5 have the same structure
in terms of members and differ only 1n the supply state of the
reaction gas. In the tuel cell in FIG. 5, hydrogen i1s supplied
only to the anode portion located above the broken line (here-
iafter also referred to as the “upper haltf”) and has not yet
reached the anode portion located below the broken line
(hereinatter also referred to as the “lower half”). Hereinatfter,
the reactions and the like that can occur when there 1s a
deficiency of hydrogen 1n the fuel cell will be described with
reference to FIGS. 4 and 5.

A fuel cell 500 (hereinatter also referred to simply as “cell
500”) includes an electrolyte membrane 51, an anode 52
arranged on one side of the electrolyte membrane 51, a cath-
ode 53 arranged on the other side of the electrolyte membrane
51, a separator 56a arranged on the outside of the anode 52,
and a separator 565 arranged on the outside of the cathode 53.
The anode 52 includes an anode catalyst layer 52a, which
includes a normal catalyst, and an anode diffusion layer 5256
provided to enable hydrogen to be supplied evenly to the
anode catalyst layer 352a, for example. The cathode 53
includes a cathode catalyst layer 53a, which includes a nor-
mal catalyst, and a cathode diffusion layer 335 provided to
enable a reaction gas (heremafiter referred to as “air”) to be
supplied evenly to the cathode catalyst layer 53a. The elec-
trolyte layer 51, the anode catalyst layer 52a, and the cathode
catalyst layer 535 together form an MEA 55. Moreover, reac-
tion gas flow passages 57 are formed on the side of the
separator 36a near the anode diffusion layer 5256 and reaction

gas flow passages 58 are formed on the side of the separator
56 near the cathode diffusion layer 535.

While a sufficient amount of hydrogen 1s being supplied to
the anode catalyst layer 52a via the reaction gas tflow passages
57 shown 1n FIG. 4 and a sufficient amount of air 1s being
supplied to the cathode catalyst layer 53a via the reaction gas
flow passages 58 the anode reaction takes place 1n the anode
catalyst layer 52a and the cathode reaction takes place 1n the
cathode catalyst layer 33aq and electrical energy can be
extracted through the separators 56a and 5654.

However, 11 the supply of hydrogen to the anode catalyst
layer 52a shown in FIG. 4 stops, hydrogen 1s no longer
supplied to the normal catalyst 1n the anode catalyst layer 52a
so the anode reaction does not take place. However, as
described above, the fuel cell 1s normally used 1n a stack.
Theretore, even 1f some of the cells in the stack are unable to
generate electricity, electrical energy can still be extracted
from the stack as a whole as long as other cells are able to
generate electricity. As a result, the fuel cell can continue to
operate even i some of the cells 1n the stack are unable to
generate electricity so electrons move from the anode 52 to

the cathode 53 even if the fuel cell 500 1s 1n this kind of state.
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In the anode 52 when there 1s a hydrogen deficiency, pro-
tons and electrons are produced by the following reaction.

H,O0—=(12)O,+2H +2e™ (Expression 1)

Here, Expression 1 above 1s a water electrolysis reaction.
When water 1s present in the anode 52, protons and electrons
are produced by this reaction. In addition, when carbon 1s
provided 1n the anode as the carrier of the normal catalyst or
as the constituent material of the diffusion layer or the like,
protons and electrons are produced by the following reaction.

(12C)+H>0—=(12)CO5+2H" +2e (Expression 2)

Expression 2 1s an oxidation reaction of carbon. When this
reaction progresses, the carbon carrying the catalyst or carbon
in the diffusion layer degrades. In a hydrogen deficient state,
both the reaction 1n Expression 1 and the reaction 1n Expres-
sion 2 can progress. Therefore, in order to suppress material
degradation of the anode, the reaction in Expression 2 must be
suppressed. Examples of ways to suppress this reaction
include 1) reducing the amount of water that reacts with the
carbon 1n Expression 2 by promoting the reaction in Expres-
sion 1, and 1) reducing the possibility of the reaction 1n
Expression 2 taking place by reducing the amount of carbon
in the anode. With the first example, 1t 1s effective to use a tuel
cell having a water electrolysis catalyst in the anode, and with
the second example, 1t 1s effective to form the anode diffusion
layer out of a non-carbon based material that 1s highly resis-
tant to corrosion.

On one hand, when hydrogen starts to be supplied to the
anode 1n a hydrogen deficient state, the fuel cell 1s first 1n a
state 1in which hydrogen reaches the upper halt of the anode 52
(hereinafter referred to as “anode 52x°) shown 1n FIG. 5, but
does not yet reach the lower half of the anode 52 (hereinafter
referred to as “anode 52y). In the cell 500 1n this state, the
anode reaction takes place 1n the anode 52x to which hydro-
gen 1s being supplied. Protons produced by that reaction pass
through the electrolyte membrane 51 to the cathode 53x
which 1s positioned on the opposite side of the electrolyte
membrane 51 from the anode 52x, while electrons produced
by that anode reaction travel to the anode 352y. Then 1n the
cathode 53x to which air 1s being supplied, a reaction occurs
between the oxygen, the protons that have traveled from the
anode 52x, and the electrons from the cathode 53y that is
positioned on the opposite side of the electrolyte membrane
51 from the anode 52y, thus yielding the cathode reaction.

In contrast, oxygen that was produced during the hydrogen
deficient state 1s present in the anode 52y to which the hydro-
gen has not yet spread. Therefore, 1n the anode 52y, instead of
the anode reaction, a reaction takes place between the residual
oxygen, the electrons produced by the anode reaction 1n the
anode 52x, and the protons that have traveled from the cath-
ode 53y, which produces water. When these kinds of reactions
take place 1n the anode 52x and the cathode 53x, as well as 1in
the anode 52y and the cathode 53y, the potential of the anode
52x 1s approximately O volts, the potential 1n the cathode 1s
approximately 0.8 volts, and the potential of the anode 52y 1s
approximately 0.8 volts, while the cathode 53y 1s exposed to
a potential state (a high potential state) of 1.6 volts. The
reaction that takes place 1n the cathode 53y that 1s exposed to
this high potential state will be described later.

In this way, when returning from a hydrogen deficient state,
the potential of the cathode portion opposite the area of the
anode portion to which hydrogen has not yet spread (i.e., that
cathode portion corresponding to the cathode 53y) increases
and the material of the cathode portion exposed to the high
potential state degrades. Theretfore, 1n order to suppress mate-
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rial degradation of the fuel cell during a fuel deficiency,
measures must be taken not only for the anode side but also
tor the cathode side.

A Ttuel cell according to an example embodiment of the
invention suppresses a decrease 1n performance due to a fuel
deficiency by incorporating both a fuel deficiency counter-
measure for the anode side which suppresses degradation of
the anode material when there 1s a shortage of ahydrogen, and
a Tuel deficiency countermeasure for the cathode side which
suppresses degradation of the cathode material when hydro-
gen starts to be supplied following a shortage of hydrogen.

Hereinafter, the fuel cell according to the example embodi-
ment of the imvention will be described with reference to the
accompanying drawings.

FIG. 1 1s a sectional view schematically showing an
example structure of a portion of a unit cell provided 1n a tuel
cell according to one example embodiment of the imnvention
(heremaftter this unit cell will simply be referred to as “fuel
cell”). The cell stacking direction 1s the left-right direction of
the drawing. As shown in FIG. 1, the fuel cell 100 of the
invention includes an electrolyte membrane 1 that has an
clectrolyte component (such as Nafion, a registered trade-
mark of DuPont Corp., but hereinafter simply referred to as
“electrolyte component™), an anode 2 arranged on one side of
the electrolyte membrane 1, a cathode 3 arranged on the other
side of the electrolyte membrane 1, a separator 6a arranged on
the outside of the anode 2, and a separator 65 arranged on the
outside of the cathode 3. The anode 2 includes an anode
catalyst layer 2a which includes a normal catalyst and an
clectrolyte component, an anode diffusion layer 26 provided
to enable hydrogen to be supplied evenly to the anode catalyst
layer 2a, for example, and a water electrolysis catalyst layer
2c arranged between the anode catalyst layer 2a and the anode
diffusion layer 2b. The cathode 3 includes a cathode catalyst
layer 3a, which includes a highly crystallized catalyst 1n
which a normal catalyst 1s carried on highly crystallized car-
bon, and a cathode diffusion layer 35 provided to enable a
reaction gas to be supplied evenly to the cathode catalyst layer
3a.The electrolyte layer 1, the anode catalyst layer 2a, and the
cathode catalyst layer 36 together form an MEA 5. Moreover,
reaction gas flow passages 7 are formed on the side of the
separator 6a near the anode diffusion layer 26 and reaction
gas flow passages 8 are formed on the side of the separator 65
near the cathode diffusion layer 35.

The fuel cell 100 1n this example embodiment 1s provided
with a water electrolysis catalyst layer 2¢ 1n the anode 2 and
a highly crystallized catalyst 1n the cathode catalyst layer 3a.
Here, the water electrolysis catalyst layer 2¢ refers to a layer
that includes a catalyst (a water electrolysis catalyst) that
promotes the water electrolysis reaction better than a normal
catalyst does. One example of the water electrolysis catalyst
layer 2¢ 1s one formed by dispersing a water electrolysis
catalyst 1n an electrolyte component. When the normal cata-
lyst 1s platinum, specific examples of the water electrolysis
catalyst that can be provided 1n the water electrolysis catalyst
layer 2¢ include Ir, Ir type material such as IrO,, Ru type
maternal such as RuQO,, or a combination thereof.

Therelfore, even if hydrogen stops being supplied to the
anode 2 such that the anode 2 falls into a hydrogen deficient
state, the reaction 1n Expression 1 1s promoted in the water
clectrolysis catalyst provided 1n the water electrolysis cata-
lyst layer 2¢, thus suppressing degradation of the constituent
material of the anode 2. Moreover, even 1f at least a portion of
the cathode 3 1s exposed to a high potential state when the
anode 2 starts to return from the hydrogen deficient state as
hydrogen starts to be supplied to the anode 2, the highly
crystallized catalyst which does not easily corrode 1s pro-
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vided 1n the cathode catalyst layer 3a so degradation of the
constituent material of the cathode 3 1s suppressed.

FIG. 2 1s a sectional view schematically showing an
example structure of a portion of a fuel cell according to a
modified example of the example embodiment of the inven-
tion. The stacking direction of the cell 1s 1n the left-right
direction of the drawing. In FIG. 2, members that are of the
same structure as those shown 1n FIG. 1 will be denoted by the
same reference numerals as they are 1 FIG. 1 and descrip-
tions of those members will be omitted when appropriate.

As shown 1 FIG. 2, a tuel cell 200 according to this
example embodiment includes an electrolyte membrane 1, an
anode 2 arranged on one side of the electrolyte membrane 1,
a cathode 23 arranged on the other side of the electrolyte
membrane 1, a separator 6a arranged on the outside of the
anode 2, and a separator 6b arranged on the outside of the
cathode 23. The cathode 23 in the fuel cell 200 1ncludes a
cathode catalyst layer 23a which includes a normal catalyst
and an electrolyte component, a cathode diffusion layer 35
provided so that reaction gas can be supplied evenly to the
cathode catalyst layer 23a, for example, and an IrQ, contain-
ing layer 23c¢ arranged between the cathode catalyst layer 23a
and the cathode diffusion layer 35. The electrolyte membrane
1, the anode catalyst layer 2a, and the cathode catalyst layer
23a together form an MEA 25.

The fuel cell 200 according to the modified example has the
water electrolysis catalyst layer 2¢ provided in the anode 2
and the IrO, containing layer 23¢ provided in the cathode 23.
Here, the IrO, 1n the IrO, containing layer 23¢ can be pro-
vided in the form of IrO,/C, for example. According to the
tuel cell 200 1n this modified example, even 1f hydrogen stops
being supplied to the anode 2 such that the anode 2 falls into
a hydrogen deficient state, the reaction 1n Expression 1 can
take place 1n the water electrolysis catalyst provided 1n the
water electrolysis catalyst layer 2¢, thus suppressing degra-
dation of the constituent material of the anode 2. Further-
more, even if at least a portion of the cathode 23 15 exposed to
a high potential state when hydrogen starts to be supplied to
the anode 2, degradation of the constituent material of the
cathode 23 1s suppressed by promoting a water electrolysis
reaction on the IrO,, which promotes a water electrolysis
reaction better than a normal catalyst does, 1n the IrO, con-
taining layer 23¢ provided 1n the cathode 23.

The reason why providing IrO,/C in the cathode prevents
the degradation of the constituent material of the cathode 1s as
follows. The following reactions take place 1n a cathode
exposed to a high potential state when returning from a hydro-
gen deficient state.

H,O0—=(12)O,+2H"+2e™ (Expression 3)

(12)C+H,0—=(12)CO5+2H +2e™ (Expression 4)

Pt—Pt**+2e” (Expression 5)

Humidified air 1s supplied to the cathode so that the elec-
trolyte membrane of the PEFC will conduct 1ons under wet
conditions. Also, when the fuel cell 1s operating normally,
water 1s produced by the cathode reaction. Therefore, water 1s
normally present within the cell so the reactions 1n Expres-
sions 3 to 5 can take place 1n a cathode exposed to a high
potential state. Here, Expression 4 1s an oxidation reaction of
carbon 1n which carbon reacts with water. When this reaction
progresses, the carbon provided 1n the cathode (for example,
carbon with low crystallinity that carries a normal catalyst or
carbon constituting a cathode diffusion layer) degrades.
Meanwhile Expression 3 1s an oxidation reaction of platinum,
which progresses by cations (Pt**) dissolving in water. When
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the reaction i Expressions 4 or 5 progresses, 1t 1S more
difficult for the cathode reaction to take place.

Expression 3 1s the electrolysis reaction of water. If the
reaction in Expression 3 1s preferentially promoted over the
reactions in Expressions 4 and 5, then the electrolysis reaction
of water can be preferentially promoted over the oxidation
reactions of carbon and platinum so that degradation of the
constituent material of the cathode 1s suppressed. Moreover,
if the electrolysis reaction of water 1s preferentially promoted,
then the total amount of water that reacts with the carbon in
Expression 4 and the water into which the Pt** is dissolved in
Expression 5 can be reduced, which also suppresses the reac-
tions in Expressions 4 and 35, thus enabling the degradation of
the constituent member of the cathode to be suppressed.
Therefore, having a structure 1n which IrO./C 1s provided 1n
the cathode enables material degradation of the cathode to be
suppressed.

In this way, the fuel cell 200 according to this modified
example embodiment suppresses degradation of not only the
constituent material of the anode but also the constituent
material of the cathode. As aresult, a decline 1 performance
of the tuel cell caused by a hydrogen deficiency can be sup-
pressed.

In the foregoing description related to the modified
example, as a countermeasure on the cathode side, the IrO,
containing layer 1s provided, 1n addition to the cathode cata-
lyst layer and the cathode diffusion layer, in the cathode.
However, the countermeasure on the cathode side that the
invention 1s able to use 1s not limited to this. For example, 1
[rO,/C 1s provided 1n the cathode, the IrO,/C may be provided
in the cathode catalyst layer. However, from the viewpoint of
facilitating the cathode reaction during nitial operation of the
tuel cell, the IrO,/C may be provided 1n a layer (such as the
IrO, containing layer described above) other than the cathode
catalyst layer. In addition, for example, a structure in which
no carbon 1s prowded in the cathode catalyst layer prevents
the reaction 1n Expression 4 1n the cathode catalyst layer, and
thus also enables material degradation of the cathode to be
suppressed. Here, specific examples of structures in which
there 1s no carbon provided in the cathode catalyst layer are a
structure that includes an electrolyte component and platinum
black powder (Pt black) having particle diameters on the
order o1 0.3 to 100 nm, 1inclusive, and more preferably, 5 to 10
nm, inclusive, and a structure 1n which PtRu black is provided
instead of Pt black. Particles having the diameter described
above are larger in diameter than the platinum used in a
conventional PEFC so there 1s less surface energy and leach-
ing and aggregation are able to be suppressed. The cathode
catalyst layer having the foregoing structure can be manufac-
tured by, for example, dispersing Pt black or PtRu black into
an electrolyte component that is 1n a soluble or molten state
and then drying or cooling it.

When IrO,/C 1s provided 1n the cathode of the fuel cell
according to this modified example, the manner in which 1t 1s
dispersed 1n not particularly limited. Here, because hydrogen
1s supplied from the inlet side of the anode when the anode 1s
returning from a hydrogen deficient state, 1t takes a longest
amount of time for the hydrogen to spread to the outlet of the
anode. That 1s, when the anode 1s returming from a hydrogen
deficient state, the cathode portion that 1s exposed to the high
potential state for the longest time i1s the cathode portion
opposite the outlet area of the anode so 1t 1s thought that
material degrades more easily in a cathode portion that 1s
closer to a position opposite the outlet of the anode. There-
tore, 1n the fuel cell according to this modified example, to
even more elffectively suppress material degradation of the
cathode portion opposite the outlet area of the anode, IrO,/C
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may be dispersed 1n so that the concentration of the IrO,/C
catalysts on the cathode increases 1n the direction towards the
outlet area of the anode. Also, the crystallinity of the carrier
carbon may also be changed.

Further, as described above, because the lower half of the
cell (1.e., cell 500y ) acts as a single resistant element when the
anode 1s returning from a hydrogen deficient state, electrons
produced at the anode portion to which hydrogen 1s being
supplied (1.e., anode 52x) may travel to the anode 52y (1.e.,
may travel in a direction parallel to a plane that 1s orthogonal
to the normal cell stacking direction). In addition, electrons
produced at the cathode portion exposed to a high potential
state (1.e., cathode 53y) may travel to the cathode 33x (1.e.,
may also travel in the direction parallel to a plane that 1s
orthogonal to the normal cell stacking direction (hereinafter
referred to as the “plane direction”). When the electrons travel
in the plane direction (hereinaiter referred to as “in-plane
movement”), the electrical energy that 1s able to be extracted
from the fuel cell decreases. Therefore, preventing this 1n-
plane movement of electrons 1s effective from the viewpoint
of suppressing a decline 1n performance caused by a fuel
deficiency. A specific example of a method for preventing
in-plane movement of electrons 1s to make the fuel cell pro-
vided with separator, a diffusion layer, and a catalyst layer,
which prevent electrons from moving 1n the in-plane direc-
tion.

Also 1n the foregoing description related to the example
embodiment, an example was described 1n which the water
clectrolysis catalyst layer 1s provided on the anode. However,
the fuel deficiency countermeasure for the anode side that can
be used 1n the fuel cell of this invention 1s not limited to this.
For example, when a water electrolysis catalyst 1s provided on
the anode, that water electrolysis catalyst may be provided in
the anode catalyst layer. In addition, even 1f the water elec-
trolysis catalyst 1s not provided, using a hlghly crystalline
carbon for the carbon provided in the anode improves the
corrosion resistance of the carbon provided 1n the anode, and
thus suppresses material degradation of the anode.

Hereinafter, the fuel cell of the invention will be described
in more detail with reference to Example.

A first catalyst paste 1s manufactured by dissolving an
clectrolyte component (such as Nafion) 1n an organic solvent
(a mixture of water, methanol, and 2-propanol) and dispers-
ing platinum supporting carbon in the dissolved electrolyte
component (heremafiter referred to as “first electrolyte com-
ponent”). Also, a second catalyst paste 1s manufactured by
dissolving an electrolyte component 1n a water based solvent
(which contains essentially only water) and dispersing plati-
num black powder 1n the dissolved electrolyte component.
Then an anode catalyst layer was formed by applying the first
catalyst paste to one side of an electrolyte membrane (Nafion
112 by DuPont Corp.) and drying it, and a cathode catalyst
layer was formed by applying the second catalyst paste to the
other side of the electrolyte membrane and drying 1it, thus
yielding an MEA according to Example. An MEA of a com-
parative example was manufactured by applying the first
catalyst paste to both sides of the electrolyte membrane and
drying it.

Moreover, a water electrolysis catalyst layer was formed
by applying a water electrolysis catalyst paste in which Ir/C
had been dispersed in the first electrolyte component to the
surface of an anode diffusion layer formed of carbon paper
that 1s made of carbon fiber and drying 1t. The assembly of
Example was then made by joining the anode diffusion layer
with the water electrolysis catalyst layer obtained 1n the man-
ner described above with the anode catalyst layer of the MEA
of Example, and joiming the cathode diffusion layer which 1s




US 7,790,125 B2

11

formed of carbon paper made of carbon fiber (hereinafter
simply referred to as “‘cathode diffusion layer”) with the

cathode catalyst layer of the MEA of Example. Then a fuel
cell of Example was manufactured by arranging separators in
which reaction gas passages are formed, on both sides (i.e., on
the outside of the anode diffusion layer and the outside of the
cathode diffusion layer) of that assembly. Meanwhile, an
assembly of the comparative example was formed by joining
the anode diffusion layer having the water electrolysis cata-
lyst layer with the anode catalyst layer of the MEA of the
comparative example, and joining the cathode diffusion layer
with the cathode catalystlayer of the MEA of the comparative
example. Then, a fuel cell of the comparative example was
manufactured by arranging separators in which reaction gas
passages are formed, on both sides of that assembly. That 1s,
the tuel cell according to Example was provided with a water
clectrolysis catalyst layer as a fuel deficiency countermeasure
tor the anode, and also had a catalyst with no carrier carbon as
a fuel deficiency countermeasure for the cathode. On the
other hand, the fuel cell according to the comparative
example was provided with a water electrolysis catalyst layer
as a fuel deficiency countermeasure for the anode and had no
tuel deficiency countermeasure for the cathode.

The fuel cells according to both Example and the compara-
tive example that were manufactured as described above were
maintained at 70° C. with air supplied at full humidity to the
cathode side of each fuel cell. Then during simulation of a
hydrogen deficiency state, the cycle was repeated in which the
current density was set at 0.2 A/cm® and nitrogen was sup-
plied at full humidity to the anode for 10 minutes, after which
the current density was then made 0 A/cm”, and hydrogen was
supplied at full humidity to the anode until the OCV returned
to the normal value (hereinafter this cycle will be referred to
as the “hydrogen deficiency cycle”). Degradation of the cata-
lyst in the cathode was then checked. An effective surface area
S1 of the catalyst was obtained from the electrical quantity of
hydrogen desorption of the cyclic voltammogram of the cata-
lyst after the hydrogen deficiency cycle, and the degradation
of the catalyst was evaluated from the ratio of the effective
surface area S1 at that time to the effective surface area S2
betfore the hydrogen deficiency cycle was implemented (1.e.,
R=S1/582; hereinafter R refers to the “cathode catalyst effec-
tive surface area maintenance ratio”’). FIG. 3 shows the evalu-
ation results. The horizontal axis represents the number of
hydrogen deficiency cycles and the vertical axis represents
the cathode catalyst effective surface area maintenance ratio.
A higher cathode catalyst effective surface area maintenance
rati1o means less degradation of the catalyst 1n the cathode.
Hence, 11 the cathode catalyst effective surface area mainte-
nance ratio 1s high, the fuel cell 1s regarded as one that 1s able
to suppress a decline in performance from a hydrogen defi-
ci1ency.

As shown in FIG. 3, the value of the cathode catalyst
elfective surface maintenance ratio of the fuel cell of Example
in which fuel deficiency countermeasures were implemented
for both the anode and the cathode 1s closer to 1 than the value

of the cathode catalyst effective surface maintenance ratio of

the fuel cell of the comparative example 1n which a fuel
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deficiency countermeasure was implemented only for the
anode. Therefore, with the fuel cell according to 1nvention,
which implements fuel deficiency countermeasures for both
the anode and the cathode, even 1f the cathode 1s exposed to a
high potential state when the anode returns from a hydrogen
deficient state, material degradation under that high potential
state 1s suppressed. As a result, 1t was confirmed that a decline
in performance due to a fuel deficiency 1s suppressed with the
tuel cell of the 1nvention.

While the imnvention has been described with reference to
example embodiments thereot, 1t 1s to be understood that the
invention 1s not limited to the described embodiments or
constructions. To the contrary, the invention 1s intended to
cover various modifications and equivalent arrangements. In
addition, while the various elements of the example embodi-
ments are shown 1n various combinations and configurations,
which are exemplary, other combinations and configurations,
including more, less or only a single element, are also within
the spirit and scope of the ivention.

The invention claimed 1s:

1. A fuel cell comprising:

an anode in which a fuel deficiency countermeasure 1s
implemented when there 1s a shortage of fuel supplied to
the anode so that the anode falls into a fuel deficient
state;

a cathode 1n which a fuel deficiency countermeasure 1s
implemented when a portion of the cathode opposite an
anode outlet area 1s exposed to a high potential state
between a time the fuel starts to return to the anode and
a time the anode recovers from the fuel deficient state;
and

an electrolyte membrane arranged between the anode and
the cathode,

wherein the fuel deficiency countermeasure implemented
for the anode 1s a water electrolysis catalyst layer that 1s
arranged between an anode catalyst layer, which
includes a normal catalyst and an electrolyte compo-
nent, and an anode diffusion layer that supplies reaction
gas evenly to the anode catalyst layer,

wherein the fuel deficiency countermeasure implemented
for the cathode 1s a separate IrO, containing layer that 1s
arranged between the cathode catalyst layer, which
includes a normal catalyst and an electrolyte compo-
nent, and a cathode diffusion layer that supplies reaction
gas evenly to the cathode catalyst layer.

2. The fuel cell according to claim 1, wherein IrO, 1n the

IrO, containing layer 1s carried on carbon.

3. The tuel cell according to claim 2, wherein the IrO,
carried on carbon 1s dispersed in such a manner that the
concentration of the IrO, increases the closer a portion of the
cathode 1s to a position opposite an anode portion near an
outlet of a fuel gas flow passage.

4. The tuel cell according to claim 1, wherein the IrO,
carried on carbon 1s dispersed in such a manner that the
concentration of the IrO, increases the closer a portion of the
cathode 1s to a position opposite an anode portion near an
outlet of a fuel gas flow passage.
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